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ABSTRACT 



A vapc'jr recovery system and method for volatile chemicals 
>;hioh enhances the effioiency and safety of the process cf 
recovering the vapour disclosed. The volatile substance is 
vacorized in a cistillation unit under the control of a 
ocT.puterised neating systex. The resulting vapour is first 
directly condensed by bubbling the vapour directly into the 
liGUid phase of that volatile substance. Any vapour that remains 
after having passed through said liquid phase accumulates above 
the liquid phase and is allowed to escape into a vapour 
r.anager.ent module. The vapour management module facilitates 
efficient condensation of the vapour by allowing heat exchange 
from Liie vapour to a material contained v;ithin said vapour 
management module. Upon cooling in the -vapour mana.g.emen.t module, 
the vapour condenses, and can- run back into the- liquid phase 
through which it had passed when in the vapour phase.' The vapour 
management module has an exhaust that is substantially free of 
the vapour. 
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TITLE OF THE INVENTION 



VAPOUR MANAGEMENT SYSTEM 
BACKGROUND OF THE INVENTION 

Volatile solvents are usee ir. ir^any industrial processes in 
which the volatile solvent is used for cleaning purposes. As a 
result of such use the volatile solvent beccrtes contaminated wit 
foreign matter. Due tc the cost of such volatile solvents, 
environmental concerns, and the cost of disposing of such 
contaminated volatile solvents, it is desirable to m.aximize the 
use that can be made of the volatile solvent by removing the 
contamination from it by recycling it into the purified solvent 
form for further use in the industrial process. 

In addition tc industrial processes requiring purification 
and recovery of volatile solvents, there are also many industria 
processes in which it is important to contrcl the escape of 
vapcur frcmi volatile liquids.* The escape of vapour from such 
volatile liquids represents an environm.ental and occupational 
health concern, and a financial cost m that the vapcur is lost. 
The current prccecure for preventing or reducing vapcur loss is 
to provide a scrubbing system cn tanks, containers or stacks in 



which ihe volatile liqLid, cr the vapour is stored. While tre 
scrubbing system r.ay reduce cr even elirLinate the envir onr.ental 
concerns cf vapour loss, it coes not overcorrLe the cost of the 
loss of such vapcur. Further^ the used scrubbing naterial rr.ay m 
Itself present an environr.ental disposal prcbiein. Exanples of 
sucn containers induce oil storage t£n.<s and gasor;eters. Cther 
exar^.ples include the contain^ient of vapours from stacks or frorr^ 
recycled so-vents *n processes such as cun-washing in autc.T.otive 
paint shops. 

Currently the ccrrjnon practice fcr purifying and recovering 
contaminated volatile solvents is distillation and condensation. 
Typically the solvent is boiled such that a vapour is formed. The 
vapcur is then allowed to pass through a spiral or serpentine 
tube where it is cooled by heat exchange with air blown across 
the tube or with another liquid which flows around the outside of 
the tube. The heat exchange leads to condensation into the liquid 
phase inside the tube. This liquid phase then runs off into an 
open coliection vessel. This method has a disadvantage in that as 
the vapour condenses in the tube, it has the potential for the 
build-up of back pressure within the distillaticn vessel which 
gives rise to a charr.pagne effect", i.e. vigorous boiling and 
ca^'itation, rather than controlled evaporation. This has the 
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consequence of a pcter.tial safety hazard, reduced effi^riency, ar.d 
increased cperatmg costs. 

Further, the run off into an open collection vessel usee in 
c c n e n t - c n a 1 s s t e tl s leads t c a loss c f \* c 1 a 1 1 1 e s cl e n t t c t n e 
envi rcnr.ent . This loss of solvent froir. an open collection vessel 
to tne environment reduces tne recovery cf the solvent and causes 
an envi ronrnental hazard for operators arcund such tanks. 

A further prcclen with conventional processes is the presence 
cf uncondensed vapour m the collection vessel. Further, sealing 
the ccllection vessel, or the connection to the collection vessel 
frc.Ti the distillation vessel in conventional systems causes 
pressure buildup unless vented. Such a pressure buildup or back 
pressure caused by uncondensed vapour in the collection vessel, 
or the conduit leading thereto can result in ''foaming" in the 
distillation vessel. In order to prevent buildup cf back pressure 
in the collection vessel anc consequently the distillation 
vessel, the collection vessel must be vented. Similarly, any 
vessel m which, or into which, a volatile solvent is placed 
requires a vent in order tc avoid vapour Icck. Conventional 
methods cf venting lead to loss cf volatile solvent in the form 
cf vapour into the atmosphere, thereby further reducing the 
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efficiency cf ccnvenrional metncds cf disciilation ana ^ 
condensation and creating an environrr.ental hazard. 

Hence, there is a need for a method of condensing a volatile 
vaco-ir vnich '.niI: iceally prevent any significant loss of 
"'""'"^ile sr Ivent frcr the syster, and enhance recovery ano 
condensation cf tne vapour to liquid. Tne consequence of this 
increased recovery cf volatile vapour is a decrease in tne 
overall cost cf the vapour recovery, improved safety of the 
syste.T-, a reduction in potential environmental harm. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a vapour recovery 
system for efficient and safe recovery cf a vapour fror. a solvent 
comprising : 

a distillation module comprising a distillation chamber for the 
solvent and heating means for heating- the chamber to vaporize the 

solvent ; 

a direct condensation module comprising a container for condensing 
the vapour and collecting the solvent in the liquid phase; 

conduit means for directing the vapour substantially without 
condensation from the distillation charrber to the direct condensation 
nodule, the conduit means sloping downwardly towards the distillation 
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chaiuber Cc allow any ccndensate formed withm the conduit: tt: dram 
mtc the distillation chamber; 

a vapour rranagerr^ent module for condensing vapour reclaming 
unccndensed by the direct condensation rr.odule; and 

a vapour cutlet located above the surface of the liquid in the 
direct condensation module, the vapour outlet communicating with the 
vapour manacement module to allow for passage of vapour from the 
direct condensation module to the vapour management irodule . 

In a further aspect of the invention, a vapour management system 
comiprises a container containing heat absorbing material; a vent, a 
vapour inlet and means for guiding vapour from the vapour inlet 
through the heat absorbing m^aterial to the vent. The vapour may be 
guided through the container by means of a conduit extending between 
the vapour inlet and the vent; the conduit passing through the heat 
absorbing material. Alternatively, the container may contain solid 
heat absorbing material which is permeable to vapour and condensation 
and through which the vapour passes from the vapour inlet to the vent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view of a preferred er.bodiment of the 
vapour recovery systerr. comprising a distillation unit, a direct 
condensation module and a vapour management module. 
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Figure 2 is a sectional view of a preferred err.bodiTient cf the 
discillat ion unit cf the vapour recovery systeir. illustrated in 
Figure 1 . 

Figure 3 is a sectional view cf a preferred eribcdi.r.ent cf the 
distillation unit of tne vapour recovery systen: illustratec m 
Figure 1, m which the heating means is located at the upper end 
of the distillation chamber. 

Figure 4 is a sectional view cf a preferred embodiment of a 
lined distillation chamber of the vapour recovery system 
illustrated in Figure 1. 

Figure 5 is a sectional view of a preferred embodiment cf the 
direct condensation module of the vapour recovery system 
illustrated in Figure 1. 

Figure 6 is a sectional view cf a preferred embodiment of the 
vapour management module of the vapour recovery system 
illustrated in Figure 1, 

Figure 7 is a partial sectional view cf an alternative 
enrjDodim.ent of the vapour management module in which emibcdiment 
the heat absorbing material is in a solid form. 



Figure b is a schenati:: representation of a heating ccntrcl 

svs':err: that: is er.ployea m the di st 1 1 1 at icn Tiocule to ccntrcl th 
rate of vaporization of solvents. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferrec erri:odiment of a vapour recovery systexi for 
solvents according with the invention is shewn m Figure 1. In 
this embodiment the vapour recovery system '10] comprises a 
distillation module [1], a direct condensation module [11; and a 
vapour management m.odule [51j. In this embcdiment of the 
invention the solvent or mixture of solvents to be recovered is 
heated m the distillation module [1] to generate solvent vapour 
This sclvent vapour is then directed through a dcwnwardly 
inclined conduit [12] to a vapour inlet [13] to the direct 
condensation module [11]. This downwardly inclined conduit [12] 
m a preferred embodiment of the invention extends within and 
toward the bottom of the condensation module [11]. There is 
substantially no condensation of the vapour in the conduit [12] 
but any condensate which does form runs down into the 
condensation m.odule [11] and, therefore, no back-pressure is 
created ov the condensate fcrm3tirn. The ''condensation module ''11 
is charged with a coolant liquid [14] which is the same solvent 
as that bemc distilled. Thus, as will be described in more 



detail hereinafter, m the condensation module [ll], the vapour 
IS suc:eotea to a first r^una of occlmg m wnicn tne heat 
abscrcmg material .s the solvent ic be reocvered m the liquid 
phase [14;. Some vapour rray pass tnrough anc exit frort this 
liquid :i4;. This vapour, pl^s air, tnen passes from the 
concensation Ticduie [11] through the vapour cutlet :32j into tne 
vapcur xanaceiaent -odule [31;. In tne vapour management mocule 
'3i; tne vaco--.r air mixture is required to pass through a heat- 
absorbmc material [44] and this heat exohance process leads to 
further condensation of vapour from the mixture. The remaining 
gases then leave the vapour management module [31] through a vent 
[42] and are substantially free of any solvent vapour. 
Dv-^^or:.h' ',r ^ r \7 rnndprsa^e formed in the vapcur management module 
[31] runs tack into the condensation module [11]. However tne 
condensate formed in the vapour m.anagement module [31] can also 
be run mtc a secondary contair^er, if desired. 

In a preferred embodiment illustrated in Figure 2, the 
Gistiilation module [1] com.prises a distillation chamJoer [2] in 
which the contaminated solvent or solvent mixture [Sj to be 
recovered is collected. The distillation chamber [2] is closed to 
prevent the escape of any vapour generated therein ether than 
th^'ouoh the conduit [12" . The size of the conduit [12] and the 
opening cf the vapour inlet [15] to the direct condensation 
module [11] should be adequate to allow free passage of vapour 



frc- the distillation chamber [2] without resulting in. a pressure 
ouild uo m tne distillation chamber [2]. Further, the conduit 
'12' :.s ^deal^y positioned towara tne upper end cf tne 
distillation charJoer [2] sinoe the hot vapour will rise. This 
--c:"^illation cna.T.ber '2' sits withm a larger neatmg vesse^ 

ra*nina an oil cath ;5j. The heating vessel ;3; is proviced 
witn one or nore heating elements [4; irjnersed m the oil and, m 
operation, each heating elenent [4] heats the oil [5], which in 
turn heats the distillation chamber [2] at least until the 
solvent [S: witnin the aistil-ation chamber reaches its boiling 
ooint and vapour is generated. Once the bcilinc point of the 
solvent is reached, the power supplied to the heating element is 
oontrclled to regulate the rate of vaporization of the solvent 
until the solvent is substantially all evaporated. 

It is essential that the oil [5] have a boiling point higher 
than that of the solvent to be recovered or, in the case of a 
solvent mixture, the boiling point of the highest boiling 
component of the mixture. In addition, the oil [5] should not be 
flammable within the temperature ranges in which the distillation 
module [1] will operate. In the preferred embodiment, the oil [5] 
in the heating vessel [3] will surround a substantial portion cf 
the distillation cham^ber [2] (for example, to the level 5a in 
Figure 2) to ensure that there is sufficient neat to maintain the 
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evapcrated sclvent m the vapcur phase az least as far as the 
conduit [12]. 

While the preferred errLbodir.er.t describes the means for 
neatir.g tr.e ::istillaticr. chamfcer ,'2] as C3rr:prisinc a heating 
vessel [3: containing one cr rr.cre heating elerrients '4[ irrur^ier sec 
m oil [5], alternative means of heating the distillation chambe 
[2] are possible. In one alternative embodiment, the means for 
neatmq the distillation chamber [2] is an infrared lamp [L] 
located toward the upper end of the distillation charrJoer [2] as 
illustrated in Figure 3. The heating provided by such a lamp can 
be regulated oy rheostatic control of the intensity of the lamp. 
In this embodiment of the invention, the solvent [S] in the 
distillation chamber [2] is heated from, the top down. This top 
heating provides the advantage that only the top layer of the 
liquid to be distilled needs to be heated to initiate 
distillation. Further, as the distillation progresses, it is onl 
the energy of vaporization for the top layer of the liquid that 
needs to be provided to ccntinue the distillation. 

The distillation chamber [2] is preferably provided with an 
anti-vacuum valve [V] (Figure 2) which prevents vapour from, 
escaping from, the distillation chamber [2], but is triggered to 
allow entry of outside air when the pressure within the 
distillation chamber [2] falls below atmospheric. As the 



distiliacicn char.ber [2] cdcIs down following distillation, the 
pr8ss::rG in the distillation chancer [2\ falls. Since tne conduit 
[12; prcvioes a passage ircri the distillation cY.^:vher [2] to the 
vapour inlet [13] which CDrr-Tunicates with the liquid condensed m 
the ccndensaticn rr.odule [11], without the anti-vacuu.T valve ;v; 
in the distillation cnar^ber [2\ , the reduction m pressure wculd 
leac to a back-flow situatiori with condensed solvent being drawn 
fror. the condensation module [11] into the conduit [12] through 
the vapour inlet ;i3], and thence into the distillation chamber 
. 2 ■ . 

In an alternative e.T^cciment of the distillation module ;i] 
there is a line feeding contaminated solvent directly into the 
distillation module [1] through source inlet [7]. In this 
embodim.ent, a means for preventing flow-back from, the 
condensation module ;ii; to the distillation chamber [2] is 
provided. In addition, the anti-vacuum, valve can be shut off such 
that any negative pressure created in the distillation chamber 
[2] as it cools can be used to draw more contaminated solvent for 
recycling into the distillation chamber [2] through source inlet 
[7;. This acts as a natural pump which can be used as part of the 
process since it allows continuous flow, without the need for 
separate pumps. 
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Cr*e aspect c: the current invention is a neatmg control 
syster, 35 illustrated sohe:t.at icall y m Figure E, that is 
er.plcyed in the cistillation rr.odule to control the rate cf 
vaporization of the solvent or solvents. In the cistillation 
r.odule, the solvents are separated frcrr. the ir.purities in the 
solution ana riay also ce separated frcrr. each other. The control 
system IS designed to do this m a time efficient manner while 
also minimizing operator intervention. 

The heating control system has three key components, a 
variable heating means [^1^ for example, a plurality cf the 
heating elements [4] cf Figure 2, a tem^perature sensing means 
[62], fcr exam.ple, a temperature probe [5] (see Figure 2) which 
may be either a platinum thermistor or a thermocouple/ and a 
control computer [63], for example, a m.icroprocessor with 
required software. The control computer [63], by us^ of a 
control law, selectively triggers relays [64] which are in series 
between a power supply and heating means [61] and which energize 
the heating means [61] in an ordered m.anner, in response to 
temperature reference signals input to the control computer [63] 
frc-m the temperature sensing means [62]. In a preferred 
em.bodiment, which is especially useful where a mixture of 
solvents is to be distilled, an important element of this control 
systemi is a control law that allows the system to operate in 2 
modes. The first mcde is a solvent mode where the system, begins 
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to heat the rr.ixture of solver.ts until tne boiling pcint of the 
solvent with the lowest boiling pcint is reached. At the 
ter.perature of that lowest boiling point tne power delivered tc 
tne neatmg means is rr.aintained at a constant level tc provide 
the energy of vaporisation at a desired rate, until the first 
solvent has been substantially distillec from the solution. Cnoe 
the first solvent has substantially distilled, the pcwer provided 
to the system is no longer used to provide the required energy of 
vaporization and no further heat is being lost as a result of 
heated vapor, and therefore the temperature of the liquid in the 
distillation chamber [2] begins to rise. The power provided to 
the heating means can again be increased until the boiling point 
of the next solvent is reached. This control cycle is repeated 
until the solvents have all been vaporized. 

The second mode is the water mode. In the water mode of the 
control system there is no advantage to stepped regulation of the 
temperature. Water has a relatively high specific heat capacity 
and requires significant energy input in order to boil. 
Therefore, m the water mode, it is not necessary to regulate the 
temperature as closely. In other words, in the water mode the 
distillation chamber and its contents can be heated continuously 
until the evaporation is complete, at which time a timed heating 
cycle can then be brought into effect. The two modes of the 
control system allow the distillation chamber to be used for 
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vaccr-zaticn ci wazer and crgaric solvents. Cistiiiarifn can ta^e 
place with a rr.ixture of water and organic solvents, or either 
alone, with no significant foaT.ing. 

The power appiiec to the heating means [cl] during the 
vaporization phase for any particular solvent provides the energy 
of vaporization for tnat solvent. Therefore, controlling the 
power applied to the heating means [61] also controls tne rate of 
vaporization, and is used to maintain an equilibrium with the 
ocndensaticn rate of the vapour in the system. 

In the einbodiment shown in Figure 2, the temperature sensing 
means is a probe [6] that is used to monitor the temperature of 
tne distillation chamber [2] . The probe [6] detects an increase 
m temperature of the cist illation chamber [2] as the solvent is 
heated. Tne rate of evaporation of solvent from the distillation 
chamber [2] is regulated by means of the control system of Figure 
3. 

Contrcllinc the rate of vaoorization of the solvent in the 
distillation cham.ber '2] means that the vapour pressure in the 
distillation chair±)er [2] is closely regulated. Since the 
pressure differential between the distillation module [1] and the 
condensation module [11] is important, this strict regulation of 
vapour pressure will enhance the efficiency of vapour recovery. 
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In adciticn, cy closely regulating the rate cf vaporization of 
the solvent, it is possible to reduce the required mass for 
solvent condensation m the condensation module '11]. 

After tne liquid m the oistillation charter [2] has 
evaporated, a timed heating cycle is brought into effect by means 
of a timer systemt (not shown; which maintains the tem.perature m 
the distillation chamber [2] for a predet erm.ined period cf time. 
This post-evaporation heating ensures that essentially all cf the 
solvent to be recoverea is distilled. Further, the continued 
heating drives off any residual solvents and bakes any 
contaminants m the distillation chami^er [2] so that the 
resulting solids can be disposed cf more ccnveniently at a lower 
cost and with reduced environmental problem.s as compared to 
unbaked contaminants. In the embodiment of the invention as 
illustrated in Figure 4, the distillation chamber [2] is lined 
with a bag [8] such that, following baking, the entire bag [8] 
containing the baked contaminants can be disposed of. The bag [8] 
is stable within the temperature range of the distillation 
cham.ber [2]. In addition, it, is important that the bag [6; be 
inert with respect to the solvents to be distilled. It is clear 
that the bag [8] can be made of any material provided it is heat 
stable, does not react with the solvents to be distilled, and is 
non-permeable, such as Teflon {trade-r.ark for 
poiytetraf luoroethylene; . 
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As can rr.cre clearly be seen by reference to the pre^ferred 
enbcdirr.ent illustrated m Figure 5, the ccnaensat ion nodule [11] 
IS co-.crised of a container :2C] into which the vapcur to be 
re-cverec enters via vapcur inlet :i3;. The condensation module 
15 crir.ec usmc a prede -errr.mea vcluT.e of the solvent to be 
recoverec in the liquid pnase ;i4:. This liquic :i4: is free frc.T. 
r:ntaminaticn . The vapour entering the condensation module [11] 
is directed oy the inlet [131 to pass beneath the surface [15] of 
the liquid [lA] such that tne vapcur bubbles through the liquic. 

Ideally, the vapour entering the condensation miodule [11] :ls 
forced to the bottom of the container [20] by the inlet ;i3:. 
Seme of the vapour will bp r.nnled by the liquid [14] such tnat it 
-cndenses and combines with the liquid. As a result of such 
condensation the level. of liquid in the container. [20] will rise. 
The condensation may lead .to an increas.e, in the temperature of 
the liquic [14] if there is no external source for cooling the 
liauid. However, the corollary increase in the volume -of liquid 
[14] in the container [20] means that the vapour which 
subsequently enters the container [20] must travel a greater 
distance through the liquid [14]. In addition, the coolest liquid 
will fall to the bottom of the container [20] where the vapour to 
re condense:! is entering the condensation module [11] • 



Soxe vapcur rr.ay pass through the liquid [14] and accuT.ulate 
above the surface [15] in the upper vclu.ve [21 ; of the cc'ntainer 
[20] . The only way this accumulated vapcur can escape frcrri the 
container ;20j is by passing through a vapcur outlet [32] 
pcsiticnec accve the upper vcluir.e [21]. The vapour, having 
entered the vapcur cutlet [32; frcm the condensation module [11], 
then passes frcm the cutlet [32] into the vapour management 
mcdule [31] . 

In a preferred emJccdiment of the invention, as illustrated by 
Figure 6, the vapour managem.ent m.odule [31] comprises a sealed 
chamLber [45] containing a serpentine tube [43] comm.unica t ing with 
the vapour cutlet [32] at its entrance end and a vent [42] at its 
exit end. The mixture of air and solvent vapour exiting the 
condensation m.odule [11] is directed via the outlet [32] through 
the tuoe [43], which is surrounded by a coding medium [44j 
inside the sealed chamber [45]. The cooling m.edium [44] absorbs 
heat and therefore causes further condensation of the vapour so 
that substantially all of the vapour escaping frcm the 
condensaticn module [11] is ^condensed and prevented from reaching 
the at.mosphere through vent [42]. The medium [44] can be any 
suitable coolant medium.. Ideally, the medium [44] will prcvide 
sufficient heat absorption for condensation of all vapcurs, such 
that only air exits the system through vent [42] . 



In one preferred excocimen:: of the inventicn, the nriediuT. [^^] is 
water xixed with a salt to forr. a crystallized mass which has a 
lew expansion rate and can be contained safely m the sealed 
char.oer :45V The tube [45] allows condensed solvent to flow bac.< 
cy gravity through the cutlet [32] mtc the condensation r^odule 
;ii;, while allowing the renaming 'j.r.ccr.cer.se6 vapour <which is a 
verv sr.all amount, if any- and air to exit the vapour inanacerr;ent 
xodule [31] to the atmosphere through the vent [42]. The 
condensate can continue to flew counter to tne air/vapour flow, 
through the outlet [32] and be collected in the container [20] of 
the condensation module [11], or m a separate container. 

The conLainer [20] aidy btj [jLCViced witn a tap iT] , which can 
be used to drain the liquid [14] . Ideally, this tap is situated 
below the surface [15] of the liquid, and the closer to the base 
of the container [20], the more liquid [14] can easily be drained 
off. The advantage of this arrangement is that liquid [14] being 
collected can be accessed at any time without losing vapour from 
the system. Further, condensed liquid [14] can be removed from 
the container [20] without i^iterruption of the condensation. 

If desired, a downwardly sloping overflow pipe [D] may be 
prcviced m tne container [20] at a precetermined overflow level. 
As the level [15] of liquid [14] rises to that overflow level, a 

fixed volume cf liquia is maintained m the container [20]. Any 
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liquid [14; in excess cf that vDlume enters tne overflew pipe and 
runs by gravity into a collection vessel. This provides an 
advantage in that a large volume cf material can be used as the 



In another embcdir.ent cf the vapour xanacexent module [31,', 
as illustrated m Figure , the air/solvent vapour mixture is 
allowed to pass from the outlet [32] to the vent [42] without the 
use of a tube [43]- In this exubodiment, the material [44] is a 
solid material for example, ball bearings or glass chips, through 
which the vapour and condensate are able to pass. The material 
may be nre'^T'ont prl frnrr f;^"Vng h^^rk thrc.igh the c.jrlpf [32] into 
the container [2C; either by selecting the size of the material 
particles to be sufficiently large, or by the insertion of a 
support member [46] which is permeable to both the liquid [14] 
and the air/vapcur mixture, but through which the material [44; 
cannot pass. Maximizing the ratio of the heat exchange surface tc 
the volume of vapour passing into the vapour management module 
[3i; increases the efficiency cf the condensation in the vapour 
manage.ment m.odule [31] . 

In accordance with t it e c r e s e n t i n v e n *" i o n , *" h e vapour 
management module [31] can be designed such that essentially no 
vapour exits the vent [42] . This is achieved by ensuring that the 
rate of heat input does not exceed the rate cf heat absorption m 



the vapcur r;ar.ager:.erit rr.cduie. Iz is clear that factor s * such as 
the rate c: vapour flew, r.he vapour terr.perature, the heat 
absorption properties of the r.aterial and the patr. length thrcjch 
the vaccur .T.anace.Tient r^.odule are iiricortant. In one en-ibcdinent of 
the invention, the heat absorbing material is a crystalline salt, 
me pipe -43; is of 12r:jr. bore and "5 cm m length, made of heat 
conductive metal such as copper, and the heat input to the vapour 
managenr.ent module in the form of vapour is 15C0W, 

In selecting the appropriate solid material [44] m the above 
embodiments, ideally the material should allow the vapour to flow 
through at approximately atmospheric pressure, provide the 
required absorption of heat, and allow the condensed liquid [14] 
to flow by gravity back to a reservoir. 

Those skilled in the art^'will appreciate that various 
combinations of condensation modules [11] and vapour management 
modules [31] are possible. Further, it is possible to use either 
the condensation module or the vapour management module in 
isolation from the system, provided there is an input of vapour 
to such modules. It is possible to use the vapour management 
module [31] to recover vapour from any vent or exhaust. Examples 
cf situations where the vapour management module [31 ; cculd be 
used are on a vent to an oil storage tank, a vent on a gasometer, 
or a vapour stack of a spray booth. In these situations, the 
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vaccur wcu.d arise as a consequer.ee of evapora::ioa cf the liquid 
zc be recovered. Condensate fcr^.ed in such vapour aianGgerr;ent 
r.cdules can then run back by gravity mtc the vent and ultiT.ate^; 
cac<. zz zr.e ccntamer of the liquia to oe reccverec, or to 
another container. It is clear tc these skilleo in the art tnat 

:hese situations the heat abscrbmg material must be cooler 
than the vapour to be recovered. 

Further, while the preferred embDdi^T.ent utilizes both a 
condensation rr.cdule [11] and a vapour management module '31] and 
has oeen founa to have excellent results, each solvent to be 
recovered will have cifferent requirements. It is certainly 
possible to sub-ect the vapour to sequential steps of direct 
condensation and/or to sequential vapour management miodules [31], 
The efficiency of vapour recovery will determine the most 
suitable m.cdule arrangement. 

It snculd be clear that while the preferred emLbodim.ents 
described above describe specific arrangem.ent s of heat absorbing 
material, variations are possible. For example, it is not 
essential to have any liquid in the condensation module [11] 
prior tc initiation of condensation. Alternatively, any material 
that absorbs heat from the vapour but does not chemically react 
with it would be suitable tc use within the condensation module, 
including a solid mass or air. A solid inert mass such as rocks 
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or ball bearings are suitable tc absorb heat m the ccndensatic 
module :il]. Alternatively, air m the condensation n^od'^le :ii; 
-an rapidly absorb neat frcr. tne vapour entering the concensati 
TiodulG [11] since heat exchange is rapid between cases. Any 
liquid [14; accumulating as a result cf ccndensaticn m the 
rcndensaticn rr.odule :ii: alsc acts to absorc heat frcr. the 
vapour . 

While only specific er.bodirr.ents cf the invention have been 
described, it is apparent that various additions and 
modif icaticns can be made thereto, and various alternatives can 
be selected. It is, therefore, the intention in the appended 

4-^ ^^,,^v- " 1 enr-n aHn-^^inpC. TTl od 1 f 1 C 3 t 1 O n S and 

'^j,a-L:..o — ^ 

alternatives as rr.ay fall within the true scope of the invention. 
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CLAIMS 



THE Ey3CC:MEN'TS OF THE irr/ENTICN IN WHICH AI^J EXCLUSIVE ?RC?HRTY OR 
PRIVILEGE ARE CLAIMED ARE DEFINED AS FOLLOWS: 



A solvent vapour recovery system comprising: 

a distillation module comprising a distillation charJoer for said 
solvent and heating means for heating said chamber to vaporize the 
solvent ; 

a direct condensation module comprising a container for condensing 
the vapour and collecting the solvent in the liquid phase; 

conduit TTieans for directing the vapour substantially without 
condensation from said distillation chamber to the direct condensation 
module, said conduit means sloping downwardly towards said 
distillation chamber to allow any condensate formed within said 
conduit to drain into said distillation chamber; 

a vapour management module for condensing vapour remaining 
uncondensed by said direct condensation module; and 
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a vapcur outlet located above the surface of said liquid in said 
direct ccnder.saticr. module, said vapour outlet comnuni eating with said 
vapcur T>ar.aceir.ent module -c allow for passage of vapour fror. the 
direct cor.densatior. module to the vapour management module. 

2. The apparatus of claim I wherein the container holds a heat 
absorbing material through which said vapour is passed. 

3. The apparatus of claim 2 wherein the heat absorbing m.aterial 
comprises the vapcur to be recovered in its liquid phase. 

4. The apparatus of claim 2 wherein the heat absorbing material is 
air . 

5. The apparatus of claim 2 wherein the heat absorbing material is an 
inert solid niass% 

6. The apparatus of claini 2 wherein the heat absorbing material 
comprises a combination of the vapour to be recovered in its liquid 
phase and an inert solid mass. 



.9 



7. The apparatus of claim 3 or 6 wherein the conduit directs vapour 
beneath the surface of said liquid. 

8. The apparatus cf any one of claims 1 - wherein the conduit 
directs vapcur to the bottom of said container. 
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9. The apparatus cf clairu 3. 6 or " whereir. the vapcur cutlet is 
above the surface cf saic liquid. 



:c. The appara;:us cf ary one cf claims 1 - 9 wherein che discillaticr. 
charrjDer is located withm an oil bath which is heated by said heatmc 



means . 



11. The apparatus of claim 10 wherein the heating neans comprises cne 
or r.ore heating elements located within said oil bath. 

12. The apparatus cf any cne of claims 1 - 9 wherein the distillation 
chamber is heated by means cf an infrared heater located within said 
chamber. 

13. The apparatus of any one of claims 1 - 12 further comprising means 
for connecting said heating means to a power supply and a control 
means for controlling the power provided by said power supply to said 
heating means, said control means comprising a computer, temperature 
sensing means for sensing the temperature of said distillation chamber 
and generating temperature reference signals which are provided as 
input signals to said computer and switching means for selectively 
providing power to said heating means from said power supply, said 
computer being programmed to apply control signals to said switching 
means to control the amount of pcwer applied tc said heating means in 
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accordance w^ih said input signals received from said teriipei^ature 
sensing means. 

14. The apparatus of claim 13, wherein said computer is programmed 
with a set cf parameters based on the input signals received from the 
temperature sensing means which, if exceeded, will activate said 
switching means to perform an ordered shutdown of said heating means 
by selectively activating said switching means to disconnect said 
heating means from, said power supply. 

15. The apparatus of claim 13, wherein the temperature sensing means 
comprises one or more platinum thermistor temperature probes. 

16. The apparatus of claim 13, wherein said heating means consists of 
at least one heating element. 

17. The apparatus of claim 13, wherein said heating means consists of 
a direct heating means. 

18. The apparatus of claim 17, wherein said heating means consists of 
an infrared heating lamp. 

19. The apparatus of claim 13, wherein said switching means comprises 
one or more relays. 
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2Z. The apparatus of claiir, 13, wherein said heating means consists of 
a plurality of heating elements and said switching means comprises a 
Plurality of relays respectively connecting said heating elements to 



=aid power supply. 



21. The apparatus cf clair. 13, wherein said computer is programmed 
with a control law so that when a m.ixture of solvents including an 
aqueous component is to be distilled in said distillation chamber, 
said computer runs a distillation procedure wherein the heating means 
raises the solution to a temperature causing the solvent with the 
lowest boiling point to vaporize, the temperature is then maintained 
nr.til the aforementioned solvent is substantially removed from the 
solution, at which time the temperature is raised again until the 
solvent with the next lowest boiling point begins to vaporize and the 
process is then repeated until all solvents have been distilled off. 

22. The apparatus of claim 13, wherein computer controls said 
switching means to vary the input to the heating means to balance the 
rate of vaporization of a solvent with the rate of condensation of the 
same solvent m a separate, but connected, container. 

23. The apparatus cf claim 1, wherein said vapour management module 
comprises a container containing heat absorbing material and a conduit 
extending between said vapour outlet of said direct condensation 
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r.odule and a vent, said ccnduit passing through said hea- ahscrbinc 
rr.aterial . 

24. The apparatus of claim 23, wherein said vent is at a higher 
eievaticn than said vapour cutlet cf said direct condensation rr.oduie. 

25. The apparatus of claim 23 or 24 wherein the heat absorbing 
oiaterial is a liquid. 

26. The apparatus cf clairr. 23 or 24 wherein the heat absorbing 
material is crystalline. 

27. The apparatus cf claim 23 or 24 wherein the heat absorbing 
material is water mixed with a salt to form a crystallized state. 

29. The apparatus of claim 1, wherein said vapour management module 
comprises a container containing solid heat absorbing material which 
is permeable to vapour and condensation- through, which said vapour 
passes from said direct condensation module to said vent. 

29. The apparatus of claim 28 wherein the heat absorbing material is 
steel ball bearings. 

3C. The apparatus of claim 2S wherein the heat absorbing material is 
glass chips , 



31. The apparatus cf any one of clairr.s 28 - 30 wherein a support 

meriber is provided m said vapour outlet of said direct condensation 
nodule, said support ry.ennJcer being permeable to vapour and condensation 
and in-perT.eable to said heat absorbing rr.aterial. 

32. The apparatus of any one of claims l - 31 wherein the container of 
said direct condensation module is provided with a drainage means for 
draining liquid therefrom. 

33. The apparatus of claim 32 wherein the drainage means comprises a 
tap. 

r> / Tv.o =,r>T-.ar-ahiia r^f r^ia-im 7*? whiarpin the drainaoc means comurises an 
^ 1 . ^ ^ — — — - 

overflow pipe in said container. 

35. A vapour management system, comprising a container containing heat 
absorbing material, a vent, a vapour inlet and means for guiding 
vapour from said vapour inlet through said heat absorbing material to 
said vent . 

36. The apparatus of claim. 1, v^'herein said vapour management module 
comprises a container containing heat absorbing material and a conduit 
extending between said vapour inlet and said vent, said conduit 
passing through said heat absorbing material. 
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37. The apparatus of clai^i 35, where.r: said vapcur T:anagerieat module 
comprises a container ccntainir.g sclid heat absorbing material which 
is permeable to vapcur and condensation through which said vapour 
passes fro::! said vapour inlet to said vent. 

38. The apparatus of claim wherein the heat abscrbmg material is 
steel ball bearings. 

39. The apparatus of claim 37 wherein the heat absorbing material is 
glass chips. 

4C. The apparatus of any one of claims 37 - 39 wherein a support 
merrier is provided in said vapour inlet, said support member being 
permeable to vapour and condensation and impermeable to said heat 
absorbing material . 
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